Theoretical model
Here, k P  method is adopted to calculate topological order (spin Chern number) of our phononic "graphene", which has been successfully applied in designing dielectric based photonic topological insulators 1 . Based on the C 6v symmetry of our phononic "graphene", the basis set used in our analysis is chosen to be 2 states) corresponding to two two-fold degenerate states with eigenvalues, 2 2 , , 
In Eq. (S2), we can get the interaction of p states according to odd or even parity of spatial inversion relative to x or y axis of the unit cell as 
Similarly, we can also get 
Eq. (S5) can be further simplified as c,
This representation of our system Hamiltonian described as Eq. (S6) is similar to the Hamiltonian in BHZ model of quantum spin hall effect (QSHE) in a two-dimensional electron topological insulator 2 .
This new basis can then represent acoustic spin+ and spin-, enabling the acoustic counterpart of QSHE.
In addition, in order to describe the topology order of our system, we can also calculate the spin Chern
It is worth noting that 0 s C  if BM<0, corresponding to an ordinary phase, and sgn( )
BM>0, corresponding to a topological phase. By decreasing the filling factor of our phononic "graphene", the sgn( ) BM in our model can continuously vary from negative to positive, indicating Fig. 1c in main text. There exists a tiny gap between two edge states at k || =0 with a bandgap of 0.095 kHz. The relative bandgap is less than 0.5%, which is too small to be noticed in our current experiments (Figs. 2d, 2e. 3c and 3d) where an increment 0.01 kHz.
Fig. S10. Reduced gap by adjusting the boundary condition.
The tiny gap can be further reduced by changing the filling factor of a row of cylinders to be r/a=0.1. The relative bandgap is less than 0.02%.
Band inversion for photonic cases based on accidentally degenerated double Dirac cone
In principle, our way of realizing a double Dirac cone, via accidentally degeneracy resulted from an appropriate filling factor of a simple honeycomb lattice, could be generalized to design photonic double Dirac cone. However, the major difficulties lie in the limited range of optical index and impedance contrast between the background materials and the constituent materials, which is usually less than 10 for pure dielectric materials based photonic crystals. Such a small contrast is not enough for realizing accidental double Dirac cone using our mechanism. However, in acoustic, the index and impedance contrast can vary wildly because the large density as well velocity difference can commonly exist between two acoustic materials. Fig. S11 , a double Dirac cone and a band inversion process for TM polarization as a result of different filling factors could be realized. We also note that in different configurations, e.g., in a triangle lattice, accidentally double Dirac cone in pure dielectric photonic crystals ( 1   ) may be realized with ring-shaped constituents (by changing two geometry parameters, i.e., the ring's inner radius and outer radius) 6 . determined by the lattice symmetry of the rhombic primitive unit cell, its degeneracy cannot be broken by just changing the cylindrical radius or permittivity. For example, Fig. S12d shows that the double Dirac cone still exists when the radius is changed to r=0.4a. An effective way to lift the degeneracy is to change the lattice symmetry so as to make the hexagonal conventional (non-primitive) unit cell become the primitive unit cell 1 .
Fig. S12
. Double Dirac cone based on zone folding mechanism. a, the schematic of BZ folding mechanism. The shadow regions represent the equivalent areas after folding. Photonic band structure of TM polarization using, b, a hexagonal conventional (non-primitive) unit cell, c, a rhombic primitive unit cell in a honeycomb lattice with r/a=1/3, and 11.7 rod  
. d, band structure with r/a=0.4 using the hexagonal unit cell. Insets show the electric field at the BZ center.
